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The matrices of spif-orbit interattion o the ¢ p sad 7 3 electron configuzatlons heva

heen ealoulatod,

The watriess have boeh checked by showing that their eigenvalues,

ealoulated by use of an TBM 70, agree with the correct elgenvalues known from the
of jiegupling. For the sake ol completeneas, the matrices of elestroatatic Interaotion

for these configurationa are alae glven.

1. Introduction

In coonesticrr with our analysis of the first
gpectrum of bromine, reported in the preceding
paper, it became desirable te know the energy
matrices it intermedirte coupling for the configura-
tion np'n’p. Since the matrices of spin-orbit
interaction fgr this confipuration heve not appeared
in the literature it waa decided, st the suppestion
of Profeszor Racsh, to caleniate them. Tha DTiInary
usa of such internction matrices is to obfain approx-
tate predictad velnez for the energy levels of
atomic systems. The eigenvalues and eigenvectors
of tha matrices represent, respectively, the emergy
levels and wave functione of the atombe system,

The predicted levels are s great aid in the problem
of locating and identifying the observed coer
levels, Until recently, most eomparisons with ob-
servations werg carried out in the approximation of
pure Russell-3aunders couﬁin , employing in the
theoretical caleulationa on %he matricez of the
electrostatic interaction. Bui the availability of
glectronic digital computers now renders it practical
to include the effecis of spin-orbit interaetion in the
caloulations.

2. Spin-Orbit Interaction

The matrices of spin-orbit interaction for the
configuration np®*n’ g are given in table 3, Since
the energy matrix is diagonsl in .7, the nondiagonal
elements oceur only batween levels with the same
J value. There is thos one matnx for each possible
value of J. Thea rowe and columns of the matrices
are specified by the name of the term in L&8-coupling
notation, the terms in parentheses denoting the
parent; terms in np®.  The clemants of these mutrices
are linear combinations of the spin-orbit integrals
¢ and Y, where [ is written for ¢, and § for [= ;.

Both thesa integrals arve positive. Their coefficienta
were caleulated following the methods outlined by

Funt und Raceh [1]! Values of the W-coefficients,
or 6=f symbols, needed for these caleulatione were
obtained from the compilation of Rotenberg et al.
[]%. The Imatrices have been checked by using an

M 7090 to determina their eipenvalues and
showing them to with the correct eigenvaluea
known from the theory of jf-coupling [of. I, ch, 10].
__The matrices for the np'n"p coufiguration ara
identical to the wbove except that in this case tha
gign of the spin-orbit eoupling parameter p.. i=
reversed [3, p. 204).

3. Flectrostatic Interaction

To ohtain the complete energy mafrices in inter-
mediate eoupling, the elactrostatic matrices must
ke added to the spin-orbit matrices of tahle 3.
The matricez of elecbrostatic interaction in Russell-
Saunders conpling are well-known for the npf s’ ¢
and #pin’ p confipurations, snd we give them hera
in tablee 1 and 2 for the sake of completeness,
The eloments of the natrices are expressed as linear
combinations of the ususl parameters #» sod &
which are defined as certain integrals over radial
wave functions [3, p. 177]. a caleulated the
coofficiente of the=e parameters from the peneral
tablea given by Slater [+, vol. II, appendix Z1].
Tertns of & kind that oceur only once in these
conflgurations have no mstrix elementa conneciing
them to other tarms; the diagonsi componenta pive
the energies directly. Since there ars two JD°
tertns, however, there are matrix compooents be-
tween them, and the electrostatic energies of the

TFignres in, raekeks kad ats fe Ltaratues ralereoet &t tho eod of {1 paper
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two terms sre found as the eigenvalues of the
cotresponding matriz. The eame holds slso for the
threa *P° terms,

Following Slater, the energies are stated in terms
of the average energy, E,,=F, which represents the
center of gravity ol the terma of the eonfiguration,
each term being assigned the weight (254-1) (2I:
+1). The energy expressions can eoasily he con-
verted, if desired, 3o ag to conformm to the ol
Condon and Shortley. In this case, £ is replaced
in the energy expressions by the following guantities:

Configuration E

Here, 83 in tables 1 and 2, the parameters without
primes refer to the {ap, np) interactions while those
with primes refer to the (np, 4" ») interactions. In
accordanece with TAS, the subacripted parameters
are defined in terms of the corresponding super-
geripted parametera as foitows:

F (p,p) =55 Filz,p)

Fifpip’ Y=gz F(p")
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4, Summary

The matrices of spin-orbit interaction for the con-
figurations #p®a’ ¢ and ap*a’ p have heen calcn-
lated end are pre=zented in table 3. The matrices
.. of electrostatic interaction are also given, in tables !
and 2. The complate energy matrices for thease con-
figurations can thus be formed in the approximation
that neglects spin-spin and spin-other-whit inter-
actioms as well as configuration nixing.

The confisurailons under discussion occur in B
nomber of waportant neutra]l and jonized atoma,
including the helogens and Bi, Sh, As, P, N, and their
isoelectronic saquances. The sats of energy levels
mssoclated with these confipurations are known to
differant stages of completenese for the various
stoms. A systematie, comparative study of these
atoms is being launched. A similar study is con-
templated for the np*a’d and ap'n'd eonfigura-
tinns, whose apin-orbit matrices are presently being
calenlated and will be reported at a later time.
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Tarre 5. Moirices of spin-orbil teleroclion for the confipralian wpin‘y
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Tanrm 3. Moidrices of spin-orbi! inderaction for the configuration npin’ p—Continued
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